The present paper aims to address the impact of the product generation life cycle (PGLC) on knowledge valorization in public private research partnerships (PPRPs). Data were collected from participants in the Centre for BioSystems Genomics (CBSG), a Dutch PPRP program in the plant breeding sector. In total, 15 commercial partners participated in the study, 7 with a relatively short PGLC of 5 to 6 years, active in the tomato sector, and 8 potato partners, having a very long PGLC of up to 25 years. The results show a clear relationship between CBSG's valorization support activities and the level of knowledge utilization by the participants, although the preferred type of support activities differs between the potato and tomato companies. Firms with a long PGLC, having a higher complicacy of the R&D process, require more basic research support and extra communication tools that help to bridge the gaps caused by the long duration of the development process. Companies with short PGLCs, being challenged to keep development time of new products as short as possible in order not to miss out on market opportunities, value the PPRP most for the networking possibilities and as provider of the latest technological developments.
Introduction
Stimulating innovation stands high on national and supranational political agendas. Innovation involves the conversion of new knowledge into a new product, process or service and bringing this new product, process or service into use [1] . Since innovations are increasingly being established within inter-organizational networks [2, 3] and resulting from recent success stories of so-called open innovation [4] , governments are searching for new ways to stimulate innovation by involving the public and private sector and stimulating partnerships between them [e.g. 5]. Public private partnerships (PPPs) aim to combine "the resources of government with those of private agents (business or not-for-profit bodies) in order to deliver societal goals" [6] . Since the resources of government include the publicly-financed research organizations, knowledge is one of the main resources that is brought into the partnerships from the concerns bring up the research question: 'Do PPRPs really increase the level of knowledge utilization by companies?' An additional question is, whether the effectiveness of knowledge utilization by companies in PPRPs can be expected to be independent of contingencies or instead, are dependent upon certain parameters, such as company size [16, 17] or type of industry sector [18] . A further interesting parameter to be taken into account is the length of the product generation life cycle (PGLC), which is the sum of the product life cycle of all related products belonging to one product generation. Fortuin [19] identified the PGLC in a cross-industry study as the dominant factor affecting the entire innovation process, from knowledge generation up to market introduction of the final product. This raises the question whether the length of the PGLC also has an impact on the effectiveness of PPRP's. One related research question consequently is: 'Does the PGLC length of participating companies influence the knowledge valorization process in a PPRP? ' The present study investigated these research questions in the Centre for BioSystems Genomics (CBSG), a Dutch PPRP in plant genomics, involving breeding companies active in typically long as well as short life cycle products.
The paper is structured as follows. Section 2 describes the theoretical foundation of the study which provides the basis for the development of a conceptual model. Section 3 describes the study domain, section 4 the development of a survey, the methods of data collection, analysis used and the operationalization of the conceptual model. Section 5 presents the results of the survey of the CBSG member companies. Finally, in section 6, the results are discussed and conclusions are drawn.
Theoretical Framework

Knowledge valorization
Knowledge is generatedin both public and private organizations but is driven by different motivations in the different organizations. For private organizations,the economic needs and/or the profit orientation can be assumed to play a major role. So they focus more on applied research and the exploitation of knowledge, which is by definition concerned with the refinement and extension of existing technologies [20] . Public research in contrast, is free of economic needs, although this view can be questioned [21] since public research institutions are increasingly being judged on their economic performance.Up to 25% of academic research is expected to be influenced directly by industrial funding [22] . The fact that public research is largely financed by national or supranational institutions such as the EU, gives the research a certain direction and tries to align it with the needs of society. In most cases it has a fundamental character and therefore, is related to exploration and investigation, which is rooted in the quest for potential new knowledge [23] that can help tackle previously unresolved problems [24] .Entrepreneurship is the most important factor concerning the transfer ofthis new knowledge to the market [25] .Exploitation of results by developing new products and bringing them to commercial markets istherefore, expected to be conducted better in private organizations.Knowledge valorizationoffers the tools for bridging the gap between exploration and exploitation of research resultsand therefore, it seems there are evident advantages in combiningthese strengths of public and private organizations inPPRPs. This applies especially to science-based sectors such as biotechnology.These show high complementarities between academic research and commercial R&D [7] , a high importance status of university generated IP [26] and provision of company staff by universities [21, 27] .
Access to networks and proximity of knowledge are key to trigger innovation (Piet Schalkwijk, IPR director of Akzo Nobel, 2010 1 ). Therefore, to be excluded from knowledge access couldmean a large competitive disadvantage for companies. In a competitive business environment a potential risk for innovationoccurs when some (especially small) companies are excluded from the network and therefore from knowledge access. PPRPs can increasea companies' innovative reputation [28] and balance out a knowledge access blockage that companies might face by allowingalso smaller companiesto participate andthus benefit from the knowledge created.Consequently, in science-based sectors, manyfirmsstimulateindustrial researchers to interact with academia, and also join forces to generate sufficient critical mass [29] .
One form of knowledge valorization in PPRPs includes agreeing upfront about the companies' right to use the research results for commercial exploitation for a certain license fee [15] . Typically, these fees are limited as both the public (universities and research institutes) and the private (company) partners contribute to the research. While knowledge is normally published by publicly financed researchers without claiming any exploitation rights to it [30] , in PPRPs knowledge exploitation rights may need to be distributed according to the partners' contribution to the research or relating to monetary issues. This needs to be justified to the taxpayer, who does not have an interest to finance research and transfer the rights of research results at a low cost price to one or several exploiting parties, aiming to generate profits from them. This justification can be found in the gains in the exploitation efficiency of the generated knowledge, so that society in general, can finally benefit from a technology or product that would not be developed otherwise.
This efficiency increase or net economic benefit has however, yet to be proven [25] , so in order to justify the potential privatization of formerly public knowledge, this step has at least to result in a better performance of the companies participating in PPRPs, compared to companies that do not. If intellectual property rights (IPRs) are supposed to show value in the knowledge valorization process, they are supposed to generate, besides the exclusive exploitation rights to the organization owning them, also a broader knowledge base to conduct further research for the whole research community. This can be achieved when the IPRs are vested at the public research institutes. In the specific case of plant breeding, where the IPRs are granted in the form of plant breeders rights (PBRs), the research exemption would also grant such an additional benefit to the researchers' community, since the PBR holder is always obliged to provide samples of the protected plant varieties to parties planning to conduct further research on them.
Impact of the length of the product generation life cycle (PGLC)
The product generation life cycle (PGLC) is built on the wellknown concept of the product life cycle (PLC). Bayus [31] defines the product life cycle as the evolution of unit sales over the entire lifetime of a product. The product life cycle [e.g. 32, 33-35] has four stages: introduction (an initial period of slow sales growth), growth (a period of rapid growth in sales), maturity (a period in which sales level off and are relatively stable), and decline (when sales drop off). Maidique and Zirger [36] introduced the concept of the product generation life cycle (PGLC) as being the sum of the product life cycles of all related products belonging to one product generation. Across industries, huge differences in the average length of the product generation life cycle (PGLC) of products can be observed, ranging from less than one year, such as in the mobile phone and computer industry, to over 20 years, such as in the pharmaceutical and aircraft industries [37] . Fine [38] and Brown and Eisenhart [39] refer to these differences as 'industry clock speed'. In a cross-industry study of 10 multinational technology-based companies Fortuin [19] investigated the impact of the length of the product generation life cycle on the innovation process. The length of the PGLC proved to have a major impact on the entire innovation process from the knowledge generation in basic research up to the market introduction of the final product. In typically long life cycle industries, companies are generally confronted with high technological complexity, leading to an elongation of the research part of the innovation process. Companies in industries with relatively short PGLCs are typically confronted with a high level of market dynamism and competition leading to extra pressure to speed up the R&D process in order to shorten the time-to-market.
Companies with shorter PGLCs are more bothered by the speed at which things develop compared to companies with longer PGLCs. Receiving information in time and not to miss out on opportunities should play a much more prominent role, which is supposed to determine a high importance of knowledge access and knowledge transfer within a PPRP structure. Since public research institutes build on the curiosity and economical independency of their researchers, they represent a valuable pool to tap for a diversity of up-to-date information on a wide range of knowledge fields. For companies with a long PGLC, the possibility to reduce the product development time by involving publicly generated knowledge could be an effective way to valorize knowledge generated in a PPRP context.
In the plant breeding industry, major differences exist in PGLC length. These will be discussed for potato and tomato breeding companies in Section 3. Since both types of company participate in CBSG, this provides a unique opportunity to study the impact of the length of the PGLC on valorization within one industry sector.
Our hypothesis leads to the conceptual model as represented in Figure 1 below. In this model the knowledge valorization support as provided by the PPRP is conceptualized as consisting of access, support activities and network growth enhancement. The knowledge valorization support is supposed to result in a knowledge utilization performance. In this relationship, the PGLC is supposed to have a mediating effect.
Study Domain
The Centre for BioSystems Genomics (CBSG)
In the Netherlands the traditional agricultural knowledge valorization model, has been based on co-financed research initiatives connecting public and private research. From the 1990s, the Dutch government initiated the set-up of networks of public research and industry organizations in specific technology areas [40] . As a consequence the old model has been increasingly replaced by establishing PPRPs on research programs [41] . CBSG is an example of a Dutch PPRP in plant genomics, including 4 universities and two research institutes, 6 vegetable seed breeding companies, 5 potato breeding, 1 potato processing company, 1 genomics technology company and 2 potato commodity boards. CBSG aims to exploit the full potential of a broad range of genomics approaches in order to create new opportunities for sustainable crop production, enhanced food quality with reduced environmental impact. Research is focussed around a fully-integrated research programme targeting potato, tomato and, to a less extent, Brassica crops. CBSG was established in 2002 with a total research budget of 53 MD for 5 years. In 2008, CBSG entered its second 5 year period with an equivalent budget. Some 15% of the CBSG total budget is paid by the private partners. CBSG carries out plant genomics research using the latest, state-of-the-art technologies. The limited choice of crops has deliberately been made to maintain focus and to cover the species of greatest importance for the Dutch agro-food industry.
Public private research partnerships (PPRPs) in the breeding industry
Collaborative research and informal contacts are more important in the plant breeding field compared to other, more applied fields of technology production [13] . Therefore it is not surprising to find Dutch plant breeding companies engaging in a number of different PPRPs with knowledge institutions. A PPRP, such as CBSG, has to serve different stakeholders. The knowledge institutions, the companies and, last but not least, society have to benefit from the PPRP. The knowledge institutions expect that excellent science will take place, resulting in a large number of highly rated scientific publications, which is the primary performance indicator they are measured against. They also expect the PPRP to result in new contract research, bilateral research agreements and last but not least, also in the generation of extra income by licensing out their intellectual property rights (IPRs) to industry. Industry in turn expects that their participation in a PPRP results in tangible products in the form of tools, methods, and products etc which they can use, as schematically presented in Figure 2 . Society (tax payers and government) expects results both in science and education (including training high quality researchers and PhDs), as well as valorization in terms of new, improved products that are important for society and induce extra employment.
Tomato versus potato breeding
Many of the world's leading plant breeding companies have their headquarters and/or important R&D facilities in the Netherlands [42] . The CBSG partners are companies that are in the top 10 tomato seed companies operating worldwide. The main Dutch potato companies operate in the Dutch, European, and global potato markets. While some tomato seed companies are also powerful multinationals, they all develop seeds not only for tomato, but also for other important vegetables, e.g. for cucumber, cauliflower and pepper. The potato breeding companies focus instead only on seed potato production. The partners in CBSG cover ca. 85% of the global fresh tomato seed market and 75% of seed potato production.
The differences between potato and tomato breeding companies start from the biological differences in the plants, especially in the way the crops are propagated and cultivated. Diploid tomato cultivars require 3 to 8 years to be bred which allows them to reach their commercial peak before 25 years (plant breeding protection time). Tomato seeds are sold as F1 hybrids, implicating that the next generation will not inherit the same traits, so F1 hybrids can work as IP protection. Due to the complex tetraploid genome, potatoes require 10 to 20 years to be bred and propagated ready for release. Twenty five years is therefore too short for a potato cultivar to be profitable, so plant breeders rights (PBRs) have been extended to 30 years. For potatoes, molecular breeding possibilities and therefore the steering capacity of the breeding process is currently limited compared to tomato molecular breeding. Tomato and potato companies show consequently a tremendous difference in PGLC length, which makes them an ideal study population to answer our research question 'Does the PGLC length influence the knowledge valorization process in a PPRP?'
In the Netherlands, tomatoes are grown under controlled conditions in greenhouses. Therefore tomatoes are more readily protectable and hence, are subjected to lower disease pressures. Furthermore, many current varieties already carry important disease resistances and therefore, breeding can focus more on qualitative traits: taste, fragrance and appearance. Potatoes in contrast, are vegetatively-propagated and cultivated in open fields. As a consequence, potato breeding is strongly directed towards resistance to devastating diseases such as late blight (Phytophthora).
Methods of Data Collection and Analysis
In 2009 a research project was conducted with the aim of assessing how effective CBSG has been in valorizing its fundamental and applied research results in which all CBSG member companies participated. As done by Perkmann and Walsh [8] , the research is not based on publically available intellectual property (IP) databases but on a company survey used so as not to miss out on collaborative aspects and results that do not occur in IP databases. From the companies, interviewees were selected based on their involvement in CBSG: they were contact person, project leader, or member of the CBSG management team. Within their organizations the participants fulfill one or more roles as: researcher, breeder, R&D manager, or director. The valorization of knowledge was evaluated by means of a 207 item questionnaire. The questions were a mix of closed questions that used 7-point Likert scale, and open questions in which quantification of the CBSG's valorization support was requested. There were questions regarding CBSG access and support, frequency of use of CBSG services and CBSG related performance to link PPRP specific inputs and outcomes directly [43] . The questions used are given in Table 1 .
In total, 15 questionnaires were analyzed, one for each private partner. These have been categorized according to the type of industry, place in the value chain, and the size of the organization. Since the data are non-parametric, the questionnaire input has been analyzed by using Spearman rank correlation and Kruskal Wallis-tests.
Results
Baseline description and Centre for BioSystems Genomics output
Seven of the participating companies belong to the tomato industry and eight belong to the potato industry. Thirteen companies (7 tomato companies and 6 potato companies) are directly involved in breeding, while one potato company has a daughter company conducting the breeding activities. Two partners participating in CBSG have their core activities in processing. Twelve organizations (7 tomato companies and 5 potato companies) are large firms (annual sales > 100MD ), and three (potato companies) are small firms (annual sales < 50MD ). The list of participating organizations can be found on the CBSG public website: www.cbsg.nl Figure 3 shows some output of CBSG in the period 2002-2012. CBSG was considerably successful in terms of its scientific output, with more than 750 scientific publications, including papers in Science and Nature and more than 70 successful PhD defenses. In terms of knowledge valorization, 16 patents were filed, 23 licenses were awarded and three spin off company was established. In the interviews, six companies indicated that up to four new products could be developed as a result of the CBSG activities. Up to 100 tomato/potato genetic markers potentially useful for breeding could be tested and are expected to be implemented. One company further indicated that CBSG participation could lead to 10 new varieties. Another company indicated that 90% of future products will be derived from CBSG activities.
Knowledge valorization at Centre for BioSystems Genomics
To shed light on the knowledge valorization and the effect of the PGLC length, the results as reported in Table 2 are discussed. First, the means of a number of answers given by tomato and potato companies with focus on significant differences between the two types of companies are compared by applying a Kruskal Wallis test on two independent samples (vertical dimension in Table 2 ). Then, the parameter 'knowledge valorization performance' has been related to the parameter 'knowledge valorization support' activities. By looking at the correlations found for the potato and tomato companies separately, it has been extrapolated where both company types show a similar pattern and where there are differences that can be related to the PGLC length (horizontal dimension in Table 2 ).
When looking at the mean differences of potato and tomato companies in terms of knowledge valorization performance, Table 2 (vertical dimension in table) shows a significant difference between the results found for the indicators 'improvement of the basic research', 'plant breeding' and 'breeding strategy'. The potato breeders agree with the statement that from their participation in the CBSG program, they expect an improvement in basic research and plant breeding, and state that CBSG participation has enabled a breeding strategy improvement. The tomato companies slightly disagree with these statements. These results should be seen within the perspective of the learning potential towards these processes, since the tomato companies already have more molecular breeding facilities in house. The higher importance of breeding strategy improvement for the potato companies seems also linked to the higher complexity of their own breeding process. When it comes to the indicator 'time reduction in the breeding process', potato breeding companies indicate any reduction of 19%, while the tomato breeding companies did not indicate a time reduction. This could be explained by the fact that tomato breeding companies are already close to the minimum, biologically-possible, PGLC length, with further time reductions being much harder to achieve. Another significant difference between the potato and tomato breeding companies is the increase in the indicator 'number of markers' that are tested due to CBSG participation. For other knowledge valorization performance indicators, no significant mean differences were found between tomato and potato companies.
Concerning differences in the knowledge valorization support in Table 2 (see also Table 1 for explanation), at first it should be noted that the parameter 'access' to CBSG was evaluated similarly by potato and tomato companies. Potato companies judge the importance of the indicator 'intranet access' quite high with an average score of 6.3 on a scale from 1 to 7, while tomato companies score this slightly lower with an average of 5.9. The tomato companies judge the importance of indicator 'contact with CBSG researchers' to be as important as the indicator 'access to the CBSG intranet', while the potato companies give a slightly lower score to the indicator 'importance of contact with the CBSG researchers'. When looking at the indicator 'frequencies of the CBSG access', the contact frequency between CBSG researchers and the tomato and potato companies is almost the same, between once per quarter and once per month (data not shown). Potato companies use the CBSG intranet more than once per month, tomato companies about once every two months (data not shown). The CBSG database is used by both company types, once per quarter (data not shown). The only significant difference concerns the indicator 'annual CBSG summit', where tomato companies judge it as important with a score of 5.7 while the potato companies give it a 3.8. When evaluating the parameter 'support activities' provided by CBSG (see also Table 1), the potato companies give a higher importance to indicator 'technology monitoring and road mapping' and use it significantly more often than the tomato companies. At the same time, the potato companies also accept more frequently the help of CBSG when it comes to the indicator 'troubleshooting' and judge the importance of the indicator 'R&D cost sharing' higher than tomato companies. The importance of the indicator 'R&D cost sharing' seems to be in line with the findings of Fortuin [19] in that with long PGLC companies, the R&D costs are higher and have to be spread out over a longer time period due to facing higher levels of uncertainty. Tomato companies, with a shorter PGLC, in contrast, value more highly the access to the annual CBSG summit and the CBSG website, which can be related to the fast changing short life cycle innovations. Here, being updated in time on the very latest developments is crucial.
Concerning the effect of the parameter 'network growth' (Table 1) , the potato companies show a higher frequency with regard to the indicator 'interacting with other companies' -about every two months (data not shown), while the tomato companies assess this item to occur about once per year (data not shown). Potato companies indicate also 2.4% extra research with other CBSG commercial partners, while the tomato companies state no extra research with regard to this indicator.
To see whether the differences found between potato and tomato companies also impact on the role that certain factors have in our valorization model, an in depth analysis was conducted. Therefore, the Spearman rank correlations for tomato and potato companies have been examined separately (horizontal dimension in Table 2 ), throughout all the indicator questions. The expectations towards the indicator 'basic research improvements' correlate with the indicator 'successful research completion', for both potato and tomato companies. For the potato companies, the high correlation of 0.95** between the indicator 'basic research' and 'plant breeding' suggests that they see the indicator 'plant breeding' as closely related to 'basic research'. For both the potato and tomato companies the expectations towards the indicator 'plant breeding' correlate with 'breeding strategy improvement', but correlates only for the potato companies with the indicator 'expectations to launch new products to the market'. The increase in chances of 'successful research completion' correlates for both potato and tomato companies with indicator 'improvement of the level of knowledge and skills' of their personnel as well as with the indicator 'expectations to launch new products to the market'. For Table 2 Mean and standard deviation and significant Spearman rank correlations of potato (P, n = 8) and tomato (T) companies (n = 7) Shaded = questions with significant mean differences (1-tailed) between potato and tomato companies are shaded grey. Blank = no correlation at least at the 0.1 level (1-tailed); No star = Correlation is significant at the 0.1 level (1-tailed) ** Correlation is significant at the 0.05 level (1-tailed); ***Correlation is significant at the 0.01 level (1-tailed) a A number of breeding specific knowledge valorization performance questions (number 2,4,5,6) were not applicable to the potato processing companies, which reduces the potato companies sample to 6 companies for these questions the tomato companies this increase also correlates with the indicator 'breeding strategy improvement'. This last result seems in contrast to the higher importance potato companies give to this indicator. A correlation between the indicator 'new products developed' and 'tested markers' is found for both the tomato and potato companies. The valorization level correlates positively for tomato and potato companies with the indicator 'basic research', 'successful research completion', 'breeding strategy' and 'strengthened image'. Correlations with the indicator 'new products launched to the market' are found for potato companies only. This reflects the nature of the more applied projects potato companies engage in within CBSG. When relating the parameter 'knowledge valorization performance' to the parameter 'knowledge valorization support' by CBSG correlations are found for both tomato and potato companies between the indicators 'basic research' and 'database', 'infrastructure importance' and 'database frequency', as well as for the 'bio-informatics knowledge importance'. When looking at the indicator 'plant breeding', the potato and tomato companies show significant correlations with the indicator 'contact with CBSG researchers (importance)'. The indicator 'successful research completion' correlates for both tomato and potato companies with 'importance of database access' and 'access to the CBSG summit'. For tomato companies, correlations with the indicator 'importance of CBSG researchers contact' and with the 'frequency of database and intellectual property access' were also found. The indicator 'time reduction in the breeding process' is important for the potato companies with a high number of positive correlations found with knowledge valorization support items. This was assessed to be of no importance by the tomato companies perhaps because these already have large in-house molecular breeding capacities. The indicator 'tested markers' is found correlated for both tomato and potato companies to the indicator 'importance of CBSG infrastructure' and 'help with troubleshooting'. For the potato companies, it is also specifically correlated with the indicators 'technology monitoring' and road mapping frequency', and with 'importance of CBSG intranet access'. The indicator 'new products developed' due to the CBSG participation was found to correlate, for both potato and tomato companies, with the indicators 'access to intellectual property', 'CBSG infrastructure' and 'troubleshooting importance'. However it has to be borne in mind that tomato companies engage in CBSG more at the fundamental research level, which also explains negative correlations found between indicator 'new products developed' and 'new products launched' and frequency of 'contact to CBSG researchers'. Regarding the indicator 'improvement of the level of knowledge and skills of companies' personnel', correlations were found for the potato companies with the indicators 'importance of contact with CBSG researchers', 'access to intranet', 'international research programs frequency', 'importance of interaction with other companies' and 'the recruitment of new researchers'. For the tomato companies a correlation with the indicator 'frequency of the database use' should be mentioned. The valorization level is correlated for both tomato and potato companies to the indicator 'importance of databases' and 'recruitment of new researchers and assistants'.
The differences found between the answers of the potato and tomato companies in the survey give an interesting insight into their different expectation patterns in CBSG. The short PGLC tomato companies give mainly a high priority to obtain up-to-date information, as they judge the importance of the access to the annual CBSG summit and to the databases very high. The long PGLC potato companies give extra credits to the communication tool offered by CBSG in the form of technology monitoring and road mapping and derive extra value from accessing the CBSG infrastructure as can be seen from 8 positive correlations with the parameter 'knowledge valorization performance'.
Discussion and Conclusions
From the results of our in-depth investigation of the public private research partnership (PPRP) CBSG, it can be concluded that such a partnership indeed increases the knowledge valorization level. In general companies showed a high appreciation of the access to knowledge, such as the contact to CBSG researchers, the database, intranet and the CBSG summit meeting, i.e. the exchange of information. They also appreciate particularly some of the CBSG valorization support activities, such as technology monitoring and road mapping, the provided bio-informatics services and network growth. Besides this direct appreciation by the companies, all elements of knowledge valorization support were found related to a higher knowledge valorization performance. Therefore, it is concluded that the research explorative strength of the public institutes combined with the exploitative strength of the private organizations results in a tangible higher level of knowledge valorization performance. At the same time, thorough analysis of our findings gives ample indications that the type of valorization is also affected by the different needs of the companies, in relation to the different lengths of their PGLC. Since companies with different PGLC lengths benefited from CBSG participation, it can also be concluded that the length in PGLC is not a restriction to participate in and benefit from a PPRP. However, according to the length of the PGLC, the knowledge transfer as part of the knowledge valorization process takes place in different ways. Long PGLCs require extra communication tools that focus on the long term R&D process. Companies with short term PGLCs are challenged by the race for new products and not to miss out on opportunities. Consequently, the PPRP is valued here more for networking possibilities and as a provider of the latest technological developments. Potato companies clearly profit from CBSG as a PPRP in terms of their knowledge valorization performance. Tomato companies, with their higher inhouse molecular breeding capabilities, value CBSG more for the contact with CBSG researchers and access to the annual CBSG summit. For both potato and tomato companies, the contact with CBSG researchers was found to be an important factor of the knowledge valorization process, and was related to a higher knowledge valorization performance. Potato companies further derive their benefits in the knowledge valorization process from gaining access to CBSG infrastructure, intranet and databases and indicated a successful knowledge transfer. Tomato companies seem to benefit also from extending their need for research in collaboration with other companies within CBSG. Although they stated to be rather indifferent towards the importance of the possibility of sharing R&D cost with other companies (conducting research collectively with CBSG partners), based on the significant correlations found, it seems that the cooperation aspect plays a major role for tomato companies as well. Tomato companies especially benefit through the enhanced company cooperation in the CBSG precompetitive research. The long-term focus of precompetitive research appears to complement their daily business, the development of new tomato varieties. A time reduction in the breeding process applies especially to the long PGLC potato companies, which makes the PPRP, for them, a highly effective means of knowledge valorization.
In conclusion, in contrast to the PPRP efficiency doubt raised by a number of authors, as mentioned in the introduction [e.g. 10], it can be concluded that both potato and tomato companies benefit from their participation in CBSG. Furthermore, the general concerns raised by Adams [14] about PPRPs -that it would take up to 20 years to transform fundamental research in a way that industry can profit from it, can be refined by this study. The PGLC length reduction achieved due to the participation in a PPRP like CBSG will shorten the time that society will have to wait for new products. This can be seen as the pay back to the tax payers' money invested, and is an additional benefit to the outstanding scientific results obtained in CBSG as well as to its support in educating young science professionals well suited to work either in academia or a commercial research environment.
